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I X P R O F J C T I O N  

Luminescence i s  t h e  emission of noneguilibrium o r  nonthermal radiatio;  
as opposed t o  incandescence. A number of materials have been observed 
t o  l,mine?:ce !:.hen placed i n  a r'lame. This phenomenon, ca l led  candolu- 
rr.ineszence, c q s t  be d is t i rgu ished  from thermoluminescence - i n  which 
a x a t ? r i a l  i s  exc i te?  by r a d i o a c t i v i t y  or other  means but luminesces 
~n l : :  7 . h 2 n  r a i ~ ~ c  t o  a higher temperature - and from incandescence and * 

lurnirescxxe of t he  flame i t s e l f .  The blue luminescence of an aerated 
!i:Cthtln.- flax:. is an example of the  la t ter .  Candoluminescence i s  of 
- i nt;::r?st from two standpoints - t h a t  of obtaining a better understand- 
i n -  cf f l m e s  2nd f l m e - s o l i d  in te rac t ions ,  and secondly t h e  possibi l -  
it:;, though remot?, of developing a new.method of gasl ight ing.  The 
wwl: reported here  was supported i n  par t  by t h e  American Gas Association. 

Cm5nliuninescence has been known and s tudied f o r  many years.  It 
vas probably f i r s t  reported by Balmain i n  1842 ( 3 )  i n  h i s  descr ipt ion 
of th? material boron n i t r i d e ,  which he was t h e  f i r s t  t o  prepare. 
Apparently the phenomenon vas not recognized with o ther  mater ia ls  u n t i l  
it 1uas r e p o r t e j  by Donau i n  1913 ( 5 ) .  The subject  was reviewed by . 
L. T. Xinchin i n  1938 (8)  and by E.C.W. Smith i n  1 9 4 1  (11). 

The materials t h a t  luminesce i n  flames share t h e  c h a r a c t e r i s t i c s  
of phospiizrs genera l ly ;  t h a t  i s ,  they are comprised of a co lor less  
c r y s t a l l i n e  host  or matrix material i n t o  which a small concentration 
of foreign atoms o r  ions,  ca l led  t h e  ac t iva tor ,  i s  incorporated.  The 
r a d i a t i o n  i s  t y p i c a l l y  continuous and extends over only a s m a l l  wave- 
l ength  range, thus  having a d e f i n i t e  color .  The co lor  i s  usually 
c h a r a c t e r i s t i c  of' t h e  a c t i v a t i n g  ion  and can a l s o  be obtained with 
2 tkr  means of e x c i t s t i o n ,  such a s  u l t r a v i o l e t  l i g h t  o r  cathode r a y s .  

?>:citation by a hydrogen flame has been used i n  most s tud ies  of 
candolminescence, although Tiede and Buescher reported t h a t ,  i n  ad-  \ 
d i t i o n  t o  hydrogen, flames o f  e thyl  alcohol,  hydrogen su l f ide ,  and 
carbon d i s u l f i d e  exc i ted  t h e  luminescence of boron n i t r i d e  ( 1 4 ) .  E X C I -  1 

t a t i o n  by t h e  flame of c i t y  gas has a l s o  been reported ( 9 ) .  

The exis tence o f  t h e  phenomenon at r e l a t i v e l y  low temperatures has 
not been s e r i o u s l y  questioned. The temperature range here  i s  from 
t h e  temperature a t t a i n e d  when a flame impinges on a t h i n  f i l m  of phos- 
nhor spread on a cool metal support up t o  a br ight  red heat .  This 
upper l i m i t  i s  based on t h e  observation of Tiede and Buescher ( 1 4 )  
t h a t  blue luminescence occurred when a flame touched boron n i t r i d e  i n  

E. L. Nichols ( 1 0 )  claimed t h a t  at much higher  temperatures he had 

, 
\ 

1 
I 

L 

a carbon boat heated e l e c t r i c a l l y  t o  redness. 

rsbserved l i g h t  outputs  from mater ia ls  heated i n  an oxyhydrogen flame 
t h a t  :.rere severa l  times g r e a t e r  than  t h e  l i g h t  output from a blackbody 
a t  thc- same temperature. Apparently t h i s  work was inspired by the 



l imel ight  which w a s  produced bG4keating a cyl inder  o f  lime with an 
oxyhydrogen flame. 
be brought t o  t h e  flame from time t o  time was i n t e r p r e t e d  t o  mean 
t h a t  s o m e t h m  other  than t h e m a 1  r a d i a t i o n  was inmlved (8 ) .  
Neunhoeffer (3) repor t s  tha t  Lhe na tura l  chalks from which t h e  lime 
was Prepared contain rare ear ths .  If  t h i s  were known t o  Nichols, it 
would no doubt have suggested t o  him that t h e  r a r e  e a r t h s  were ac t iva-  
t o r s  i n  a luminescence process. However, t h e  work of  la ter  inves t i -  
ga tors  indicated that the l imel ight  was similar t o  the l i g h t  of t h e  
Welsbach mantle i n  t h a t  both are only exci ted thermalky. 

Nichols appl ied his  "Dhosphors" on ceramic adjacent t o  a uranium- 
oxide-coated 8rea. and heated both areas evenly w i t h  an  oxyhydrogen 
flame. 
t h e  uranium oxide vas taken t o  behave e s s e n t i a l l y  as  a blackbody and 
t o  have t h e  same temperature as t h e  companion material. Many mixtures 
Of  co lor less  oxides u i t h  small amounts of r a r e  ear ths ,  o r  w i t h  some 
o ther  elements t h a t  were a l s o  regarded as ac t iva tors ,  had a g r e a t e r  
emittance than uranium oxide. E.C.W. Smith (11) repeated some of 
Nichols 's  experiments and obtained similar emittance readings.  He 
then proceeded t o  determine o r  approximate the  a c t u a l  temperature o f  
t h e  two coatings - a matter of some d i f f i c u l t y .  By means of thermo- 
couples made of extremely f i n e  wires, he was able t o  show lwge d i f -  
ferences i n  the temperatures of t h e  two coatings - di f fe rences  s u f f i -  * 
c i e n t  t o  conclude tha t  at  incandescence temperatures there was no 
emission o ther  than thermal. This conclusion has been confirmed by 
Sokolov and h i s  eo-workers (12), (13). 

genera l ly  accepted as the major source of energy f o r  the low-temper- 
ature e x c i t a t i o n  (1) , ( 7 ) ;  earl ier Donau ( 5 )  and Nichols (10 con- 
s idered an oxidation-reduction mechanism, and Neunhoef fer  ( 9  1 thought 
that e lec t rons  i n  the flame were responsible.  Smith, and Arthur and 
Townend (l), ( 2 )  inves t iga ted  t h i s  quest ion w i t h  phosphors composed 
of calci1.m oxide ac t iva ted  w i t h  manganese, antimony, o r  bismuth. They 
found that: 
1. Activated oxides t h a t  luminesce i n  hydrogen flames a l s o  luminesce 

when subjected t o  t h e  a c t i o n  of hydrogen atoms produced i n  an  e lec-  
t r i c a l  discharge.  When subjected t o  t h e  la t ter  a c t i o n  and heated 
e l e c t r i c a l l y ,  t h e  color  of the luminescence approached t h e  co lor  
produced i n  t h e  flame. Presumably, the temperature of the heated 
oxides approached the temperature of oxides i n  the flame. 

hydrogen i s  burned under reduced pressure.  T h i s  e f f e c t  w a s  pre- 
sumed t o  be caused by a decrease i n  t h e  number o f  three-body 
c o l l i s i o n s .  These c o l l i s i o n s  remove hydrogen atoms by recombination. 

3 .  The luminescence i s  s t rongest  i n  hydrogen, e r r a t i c  and very f a i n t  
i n  town gas, and absent i n  carbon monoxide flames. It i s  a l s o  
absent i n  methane and ethylene flames t e s t e d  a t  pressures  from 
atmospheric t o  10 em Hg. 

4. The luminescence i s  extinguished when small amounts of hydrocarbon 
gases or vapors are added t o  t h e  hydrogen. 

The f a c t  that a fresh port ion of the lime had t o  

Observations were made of both a reas  with an o p t i c a l  pyrometer; 

I n  hydrogen flames, a t  l e a s t ,  recombination of hydrogen atoms i s  I 

2. The i n t e n s i t y  of hydrogen flame luminescence increases  when t h e  



I -4:c~rciiny t o  recent  s tud ies  o ;i42 flame mechanisms, hydrogen atoms are 
m>zs?Iit i_n the methane-air flame as well as  i n  t h e  hydrogen flame (15). 
This it aypna!-eC! reasonable t o  search f o r  phosphors t h a t  candoluminesce 
i n  th3  :?,t!isnL7-air flame. This search and t h e  study of t h e  character- 
i s t l - s  of t h i s  phmonenon were the object ives  o f  our invest igat ion.  

I 
\ 

?.!-I; c pial s 

R-rc zarthc: vere obtaineci as ?..?.'?:I pure oxides from Lindsay i 

Ci?c.:-:iccl P i v i s i o n  of Amrican lo tash  and Chemical Corporation. Other 
z h m i .  :?-ls vert rcsearch  grade. 

Ca1ci.w OxiSe Phosphors 

I Calcium and rare .earth n i t r a t e  solut ions were prepared and mixed 
i n  the required amounts. The mixed n i t r a t e  so lu t ion  was slowly poured 
i n t c  hot mionium carbonate so lu t ion  with s t i r r i n g .  The prec ip i ta te  
vas C i l t : ? m d ,  mshed v i t l i  hot ammonium carbonate solut ion,  d r i e d  a t  
13C)°C, and i g n i t e d  a t  900°C for 30 minutes. 
:wr? prcpared by p r e c i p i t a t i o n  from t h e  n i t r a t e  i n  the same manner. ! 

-The pure r a r e  e a r t h  oxides 

Y t t r i u m  Europium Tunastate - (YO. ~ E u o .  I)PO~WO~ - and Gadolinium 

T!ie required amounts of the  oxides ( tungs t ic  ac id  i n  t h e  case of 
t j q s t e n )  wme mixed, heated i n  a platinum cruc ib le  a t  1000°C f o r  2 
hours, :-round with mortar and pes t le ,  and reheated a t  1000°C f o r  2 
hours. The X-ray p a t t e r n s  of t h e  two-products showed t h a t  i n  both a 

Europ.i.um Molybdate - ( Gdo. &uo. 1 >Os. Mooa 
I 

new phase had been .formed. ,( 

Screcninp; Tests  
I 

Mounting s t r i p s  about 2 cm wide and 1 0  em long were made of insu la t ing  
f i r e  br ick  and of  copper sheet. Phosphor powder, t h i c k  enough t o  hide ' 
the  surface of t h e  s t r i p ,  w a s  pressed on t o  it with a spatula .  The 
nearl:i v e r t i c a l  face  o f  t h e  s t r i p  was observed a s  it was passed through 

' 
a methane-air flame (bunsen burner) and a hydrogen d i f fus ion  flame i n  
a dark room. ( 

I Spectra 

T h r n e  d i f f e r e n t  methods of  mounting the phosphors were used i n  
o b t a i n i w  t h e  spec t ra .  
a ture ,  t h e  phosphor w a s  appl ied as a paste t o  a s i l i c o n  carbide rod. 
Pastes made with monomethyl e s t e r  o f  ethylene glycol  seemed t o  adhere 
a f t e r  drying somewhat b e t t e r  than those made w i t h  o ther  l i q u i d s .  The 
s i l i c o n  carbide rod, about 6 mm i n  diameter, w a s  he ld  between two 
vater-cooled electrical  terminals t o  allow the  e l e c t r i c a l  current  
passing between the terminals  t o  heat  t h e  s i l i c o n  carbide rod and t h e  
phosphor. 

on the f r i t t e d  d i s k  o f  a Gas-dispersion tube. 
operated as  a porous-plat€ burner (Figure 1) without p-imary air. 

When we wished t o  observe the e f f e c t  o f  temper- 

iYhen hydrogen was used as a fuel ,  t h e  phosphor could be coated dry  1 
The f r i t t ed  d isk  was 

I 

b Knoiin ai-,o~ints of o t h e r  gases could be added t o  t h e  hydrogen. 
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methane-air flame was t o  be used. The p l a t e  was 1 i n .  square x l/$ in .  
t h i c k  w i t ! i  trro l /k- in .  copper tubes soldered t o  the back f o r  cooling 
water. P la t ing  t h e  face w i t h  s i l v e r  was found t o  be necessary t o  pre- 
vent slow Poisoiling of t h e  phosphor by the  copper. The phosphor vas 
se t t led  onto the  p l a t e  from a water suspension. The p l a t e  was mounted 
fac ing  upwards at about 45' t o  t h e  hor izonta l  and the flame of a 

The phosphor i jas coated on a water-cooled eo r p l a t e  when a 

1 National Welding Equipment Go. Type-3A blowpipe w a s  d3,rected downward 
j o n t o  i t .  

I A Beckmail DK-2 spectrophotometer w i t h  an I P  28 photomultiplier was 

A s l i t  opening of 0 . 4  mm without an  aux- 

used t o  record spectra .  The backplate of the lamp housing was removed 
t o  al1o:s d i r e c t  entrance of the rad ia t ion  from the exci ted phosphor 
i n t o  t h e  spectrophotometer. 
i l i a r y  l igh t -ga ther ing  system gave s u f f i c i e n t  e n e r a .  Varying l i g h t  
i n t e n s i t y  Prom t h e  f l i c k e r i n g  of t h e  flame was troublesome and made it 
necessary t o  use  the highest  t i m e  constant and the slowest recording 
r e t e  of t h e  instrument. The porous-plate burner gave t h e  s t e a d i e s t  
rad ia t ion .  

RZSULTS I 

Screening tests t o  discover phosphors t h a t  candoluminesce i n  methane- 
a i r  flames o r  i n  hydrogen flames were run on a number of commercial 
phosphors and on o thers  prepared i n  our l abora tor ies .  The la t ter  were 
p r i n c i p a l l y  rare ear ths  - pure and i n  calcium oxide. The phosphors 
were spread on f i r e - b r i c k  slabs and on copper s t r i p s  - t h e  lat ter t o  
hold down the temperature of t h e  phosphor a t  least momentarily - and , 
t e s t e d  by impi,agement i n  both hydrogen and methane-air flames. Sev- 

r e s u l t s  a r e  shown i n  Tables 1 and 2. These r e s u l t s  should be regarded 
as t e n t a t l v e  r a t h e r  than conclusive. 

A few addi t iona l  phosphors not l is ted i n  the tables were t e s t e d .  ' Three General E l e c t r i c  s i lver -ac t iva ted  zinc s u l f i d e s  (NOS. 118-2-3, 
118-2-11, and 118-3-1) showed emission i n  the blue.  Their  spectra ,  
abtained wi th  a hydrogen d i f f u s i o n  flame on a f r i t t e d  g l a s s  disk,  
showed that the emission w a s  t h e  band spectrum of S2 and t h a t  no cando- 

p o s i t i o n  of the phosphor. 
showed both candoluminescence and t h e  band spectrum o f  S2 (Figure 27. 
A boron n i t r i d e  sample from Carborundum' Co., Electronics  Divis ion 
showed weak, green luminescence i n  hydrogen and methane flames. Two 
recent ly  developed rare e a r t h  phosphors, (YO. s EUO. 1)203-W03 and 
( Gdo. eEuo. 2 )  2 0 3 -  MOOS were prepared a n d  tested ( 4 )  . 
i n  hydrogen and metharle flames on the f i r e - b r i c k  s t r i p .  

o t h e r  than candoluminescence. 

( v h i t e  t o  yellowish white),  by t h e  absence of a maximum o f  emission 
i n t e n s i t y  v i t h  increasing temperature of  the phosphor, and by equal 
mission \?hen the  phosphor i s  heated t o  t h e  same temperature w i t h  o r  

e i t h o u t  t h e  flame. 
e l e c t r i c a l l y  neated s i l i c o n  carbide rod, and temperature equivalence 
'was indicated by t h e  emission o f  t h e  phosphor a t  2.25 microns. 

, eral phosphors that candolumenesce i n  both flames irere found. Detailed 

)luminescence w a s  present ( 6 ) .  The S2 was undoubtedly formed by decom- 
Zinc s u l f i d e  ac t iva ted  by s i l v e r  and cop er 

Both luminesced red 

, 
,was probably thermal. 

Light emission in some of the screening tes ts  may have had a source 
The emission from magnesium germanate 

T h i s  i s  indicated by t h e  co lor  of t h e  emission 

For th i s  tes t ,  t h e  phosphor was mounted on t h e  

Light 

J 

! 



I 544 
Table 1. LIGHT EMISSION OF Y"TRIUM OXIDE AND RARE EARTHS (Pure and 

in CaO) IN HYDROGEN AND METHANE-AIR FLAMES 

Element 

Y t t r i u m  

hnthanm. 

Neodymium 

Samarium 

G a d O l i n l u m  

Dyspmsium 

Holmium 

Erbium 

Ytterbium 

- Fure oxide. 

Atomic 
No. a 
39 Y 
- 

57 la 

59 Pr  

60 Nd 

62 9m 

64 cd 

66 Dy 

67 H@ 

68 Er 

70 Yb 

Metal 
Conc 
in 
CaO. 

vtF 
0.2 
1.0 
Po' 

0.2 
1.0 
PO 

. 0.2' 
1.0 
PO 
0.2  
1 . 0  
Po 

0.2 
1.0 
PO 
0.2 
1.0 
PO. 
0.2 
1 .0  
PO 

0.2 
1.0 
Po 
0.2 
1.0 
Po 
0.2 
1.0 
PO 

3 i t h  €L LU W- 
h t  m s s l o n  

- r  

On 
cu 

Trace 
Trace 
Weak 

Trace 
Trace 
Weak 

Trace 
Trace 
N i l  

Trace 
Trace 
N i l  

Trace 
Trace 
N i l  

Trace 
Trace 
Strong 

Trace 
Trace 
N i l  

Trace 
Trace 
N i l  

Trace 
Trace 
N i l  

Trace 
Trace 
N i l  

On 
F i r e  

?M& 
Weak 
Trace 
Trace 

Weak 
Weak 
Trace 

S t m n g  
Strong 
Trace 

Trace 
Weak 
Trace 

Trace 
Trace 
N i l  

Trace 
Weak 
Strong 

Trace 
Weak 
N i l  

Trace 
Weak 
Trace 

Trace 
Weak 
Trace 

Trace 
Trace 
N i l  

on 
cu 

N i l  
N i l  
Trace 

N i l  
N i l  
N i l  

N i l  
Trace 
N i l  . 

N i l  
N i l  
N i l  

Trace 
N i l  
N i l  

N i l  
N i l  
Trace 

N i l  
N i l  
N i l  

N i l  
N i l  
N i l  

N i l  
N i l  
N l l  

N i l  
N i l  
N i l  

on 
Fire 
m 
N i l  

3: 

N i l  
N i l  
N i l  

Strong 
s t rong  
N i l  

N i l  
N i l  
N i I  

Trace 
Trace 
N i l  

N i l  
N i l  
W e a k  

N i l  
N i l  
N i l  

N i l  
N i l  
Trace 

N i l  
N i l  
N i l  

N i l  
Trace 
N i l  

Color 
Viole t  ! 

I Viole t  
Green 
and 
Orange 

Lavender 4 
lavender 
Green 
-and 
Orange I 

Red 
Red I 
Red 

Vio le t  
Lavender 
Red 

O e e  
orange -- 
Viole t  
Vio le t  
Red 

Lavender 
Blue 

! 
I 

-- 
Aqua t o  Blue 
Aqua 
Red 

Blue 
White 
Red 

Lavender 
Red i -- 

I 

1 
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emission i n  a few cases may be 
es vas shom i n  t h e  case of t h e  s i l v e r - a c t i v a t e d  zinc su l f ides .  

by decomposition of t h e  phosphor, 

The manganese-activated zinc phosphate (Sylvania No. 151)  phosphor 
appeared to give t h e  most in tense  luminescence emission i n  methane-air 
flames o f  m y  tes ted ,  and, accordingly, i t s  l i g h t  emission was inves t i -  - aated fur ther .  \Then the  phosphor was coated on a f r i t t e d  disk and t h e  
E i s k  used as  e porous-plate burner, a steady emission w a s  obtained with 
a hyerocen dif ' fusion f'lame. However, no emission could be obtained i n  
t h i s  manner v h m  the  f r i t t e d - d i s k  burner was f e d  w i t h  Qure methane o r  
v i t h  a --thane-air mixture.  O n l y  when the phosphor w a s  brought into a 
i3dnsnn flair.? -;:as t he  l i g h t  emission observed. We do not know t h e  cause 
sf t h i s  e f f s c t .  A g r e a t e r  concentration of hydrogen atoms i n  t h e  hydro- 

play a. r o l e .  The high d i f f u s i v i t y  and o ther  properties 

i hz't zause i t s  flame t o  burn c l o s e r  t o  t h e  s o l i d  surface 
r L  o r  grea te?  importance. 

S s s c t r e  recor2ed with t h e  Beclanan DK-2 spectrophoto.meter were used 
t o '  zonpare t he  l i g h t  emission of t h i s  phosphor i n  the hydrogen flame 
v i t h  i t s  emission i n  t h e  methane-air flame. The phosphor was coated 
on 2 s i l i c o n  carbide r o d  for this experiment. No s i g n i f i c a n t  d i f f e r -  , 
ence o ther  than that of t h e  emission from t h e  flame i t se l f  was observed 
('izurc, 3 ) . I 

T!ie e f f e c t  o f  temperature on the  l i g h t  emission of t h e  phosphor was 
i nvasti.?at?5 by e l e c t r i c a l l y  heat ing the s i l i c o n  carbide rod. 
nethanerair  flame impinging .on the  phosphor-coated rod, and with the 
spectrophotometer focused on t h e  rod near  one of i t s  water-cooled ends, 
t h e  L i & t  emission increased t o  a maximum with an  increase i n  e l e c t r i c a l  . 
hGatin5, then decreased t o  near e x t i n c t i o n  with f u r t h e r  heating. This 
agrees wi th  the  observat ion of  Neunhoeffer (9)  that the  hydrogen flame. 
candoluminescence of calcium oxide impregnated w i t h  various ac t iva tors  ' 
e s h i b i t  s temperature m a x i m a .  

When'the phosphor w a s  heated t o  a s t i l l  higher temperature, thermal 'i emission appeared. When t h e  emission o f  the phosphor was corrected 
f o r  the emission of t h e  flame, no e s s e n t i a l  difference i n  emission a t  
high temperatures with and without the  flame was evident.  These experi- .' 
ments indicated that  t h e  low-temperature l i g h t  emission experienced 
with this. phosphor i s  candoluminescence, but t h a t  candoluminescence i s  
not  involved i n  t h e  high-temperature emission. 

This phosphor w a s ' t h e  only one o f  severa l  t e s t e d  that  luminesced i n  
E carbon monoxide flame. The question o f  e x c i t a t i o n  i n  t h i s  flame by 
high-energ;; species o t h e r  than  hydrogen atoms was not pursued. 

Spectra of the  luminesccnces from severa l  phosphors excited by 
hydrogen burning on t h e  surface of a s in te red  g l a s s  d i s k  were obtained, ' 
a& the e f f e c t  o f  t h e  a d d i t i o n  o f  small amounts of carbon monoxide and 
methan? t o  t h e  f u e l  w a s  observed. The.phosphors were calcium s i l i c a t e  ' 
a z t i v a t e c  with lead and manganese (Sylvania No. 290), calcium oxide , 
a c t i v a t e d  v i t h  ytterbium, calcium oxide ac t iva ted  with praseodymium, 
and s a l c i m  oxide a c t i v a t e d  w i t h  samarium. The spec t ra  obtained from 
the  f5rst  three  of t h e s e  phosphors when they  a r e  exci ted w i t h  pure 
hj-d?Ggen burning on a f r i t t e d  d i s k  are shown i n  Figure 4. The Sylvania 1, 
KG. 24.9 phosphor emits wi th  a broad peak i n  t h e  green. Praseodymium- 
ecti:retc.c c a l 2 i m  oxide shows two peaks - one at 595 millimicrons / 

(p110:.1) and a weaker one a t  490 millimicrons (blue-green).  Ytterbium- 1 

With a 

I 
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a c t i v a t e d  calcium oxide a l s o  sh&J two peaks - one at  375 millimicrons,  
which i s  i n  t h e  u l t r a v i o l e t .  Samarium-activated calcium oxide a l s o  
emits with a similar peak i n  the u l t r a v i o l e t  and another at  570 , 

mllllmicrons (yel low),  as shown i n  Figure 5. 

The e f fec t  of t h e  addi t ion  of small amounts (1 t o  10  volume percent)  
Of carbon monoxide o r  methane t o  t h e  hydrogen burning on t h e  f r i t t e d  
d i s k  was d i f f e r e n t  for each of these phosphors. Luminescence of the  
Sylvania No. 290 phosphor was s u b s t a n i t a l l y  unchanged with addi t ion  of 
as much a s  105 o f  the carbon monoxide o r  methane. Lwipescence of t h e  
Praseodymium-activated calcium oxide was not g r e a t l y  a f f e c t e d  by ad- 
d i t i o n  of 1" o f  the carbon monoxide o r  methane, b u t  decreased rap id ly  
with g r e a t e r  amounts. 
obtained with 6 2  carbon monoxide or 846 methane. The luminescence of 
t h e  ytterbium-activated calcium oxide was even more s t rongly  quenched 
by t h e  addi t ion  of carbon monoxide o r  methane. With these  phosphors, 
only the i n t e n s i t y  of t h e  luminescence was af fec ted .  

t h e  luminescence was a l s o  affected,  as shown i n  Figure 5. 
a d d i t i o n  of carbon monoxide, emission by this phosphor i n  both wave- 
length  regions decreased i n  i n t e n s i t y ,  and, a t  about 3% carbon monoxide, 
emission i n  the 375-millimicron region had v i r t u a l l y  disappeared. 
570-millimicron peak, however, was replaced by two narrower emission 
bands with peaks a t  about 560 and 595 millimicrons. With f u r t h e r  addi- 
t i o n  of carbon monoxide t h e  i n t e n s i t y  o f  t h i s  emission increased t o  a 
maximum several times more in tense  than the o r i g i n a l  peak emission, 
then  decreased. These e f f e c t s  were not observed upon the addi t ion  o f  
methane t o  the flame. 
Fn t h e  two cases i s  shown i n  Figure 6. 

from a water suspension onto a water-cooled copper plate. 
were obtained i n  this way w i t h  methane-air exc i ta t ion .  

s i l i c a t e  (Sylvania No. 161) by t h e  cooling of the copper p l a t e  was very 
pronounced. (Figure 7 ) . 
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Figure 4 .  E M I S S I O N  SPECTRA OF PHOSPHORS EXCITED BY A 
HYDROGEN D I F F U S I O N  FLAME 
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Figure 5. E F F W T  OF CARBON MONOXIDE ON THE EMISSION 
SPECTRUM OF SAMARIUM-ACTIVATEE CALCIUM OXIDE 
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Figure 6. EFFECT OF FUEL COMPOSITION ON THE CANDOLUMINESCENCE 
OF SAMARIUM-ACTIVATED CALCIUM OXIDE 
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Figure  7 .  THE EFFECT OF TEMPFBATUFE ON THE E3:ISSION SPECTRUM 

OF SYLVANIA NO. 161 PHOSPHOR EXCITED BY 
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